Background: A rapid response system (RRS) aims to prevent unexpected patient death due to clinical errors and is becoming an essential part of intensive care. We examined the activity and outcomes of RRS for patients admitted to our institution's department of internal medicine. Methods: We retrospectively reviewed patients detected by the RRS and admitted to the medical intensive care unit (MICU) from October 2012 through August 2013. We studied the overall activity of the RRS and compared patient outcomes between those admitted via the RRS and those admitted conventionally. Results: A total of 4,849 alert lists were generated from 2,505 medical service patients. The RRS was activated in 58 patients: A (Admit to ICU), B (Borderline intervention), C (Consultation), and D (Do not resuscitate) in 26 (44.8%), 21 (36.2%), 4 (6.9%), and 7 (12.1%) patients, respectively. Low oxygen saturation was the most common criterion for RRS activation. MICU admission via the RRS resulted in a shorter ICU stay than that via conventional admission (6.2 vs. 9.9 days, p = 0.018). Conclusions: An RRS can be successfully implemented in medical services. ICU admission via the RRS resulted in a shorter ICU stay than that via conventional admission. Further study is required to determine long-term outcomes.
INTRODUCTION
Preventing unexpected patient deaths due to clinical errors is an important priority for healthcare systems. A rapid response system (RRS) is one strategy for reducing preventable hospital deaths. As hospitalized patients may exhibit warning signs prior to deterioration, [1, 2] RRS have the potential to prevent adverse clinical outcomes including cardiac arrest and death.
Interest in improving hospital quality and outcomes has prompted the increasing utilization of RRS worldwide. [3] In fact, the Institute for Healthcare Improvement's 100,000 Lives Campaign recommends that hospitals implement RRS as 1 of 6 strategies to reduce preventable in-hospital deaths. [4, 5] Cardiopulmonary arrests and emergency admissions to intensive care units (ICUs) from general wards are often preceded by a prolonged, detectable period of physiological deterioration. [1, 6] Furthermore, suboptimal care and delays in general wards before admission to the ICU negatively affect mortality, and patients admitted from general wards have poorer outcomes than those admitted from the operating or emergency room; moreover, longer stay in a hospital ward before ICU admission is an independent predictor of mortality. [6] [7] [8] [9] Therefore, it is important to select a proper activation method and criteria tailored to each hospital to successfully operate an RRS. Table 1 . Activation criteria for the rapid response system 1. Blood pressure: systolic blood pressure < 90 mmHg + clinically correlated symptoms or signs 2. Heart rate: < 50/min, > 140/min, or symptomatic arrhythmia 3. Respiratory rate: < 10/min, > 30/min, accessory muscle use, or stridor 4. Body temperature: > 39°C or < 36°C 5. Pain: chest pain, suggesting angina or dissection; new or significant increase 6. Neurology: sudden loss of consciousness, unexplained agitation or anxiety, or unexplained seizure 7. Oxygenation: oxygen saturation < 90% in room air or facial mask > O2 8 L/min 8. Arterial blood gas analysis abnormality: PaCO2 > 50 mmHg, pH < 7.3, or PaO2 < 60 mmHg 9. Metabolic acidosis: lactic acid > 2.5 mmol/L, TCO2 < 15 mmol/L 10. Direct calls: any serious concerns about overall deterioration detected by a doctor, nurse, or caregiver at bedside The RRS in our hospital was launched in December 2010 and is based on electronic medical record (EMR) screening with predefined criteria for surgical services and hemato-oncology wards. The RRS has been extended gradually and now covers all patients admitted to hospital wards. The present study assessed the activity of the RRS for patients in the department of internal medicine and examined the particular characteristics and outcomes of patients admitted to the medical ICU (MICU) via the RRS compared to patients admitted conventionally.
MATERIALS AND METHODS

1) Participants
This study was conducted at Bundang Seoul National University 
2) Activity and RRS operation
Bundang Seoul National University Hospital has had an RRS operating since October 2012. This RRS runs throughout the screening system and is based on EMRs; there are 10 activation criteria including 9 kinds of screening criteria and 1 direct call for emergency situations ( Table 1 ). 
3) Statistical analysis
Categorical and continuous variables are expressed as numbers and percentages, and means and standard deviations, respectively. Differences between ICU admission via the RRS and conventional method were tested by the independent sam- 
RESULTS
There were a total of 23,267 screened alerts during the study period. Among these lists, errors and DNRs made up approximately 45%. Alert lists from surgical and medical services made up approximately 30% and 23.4% respectively. As fever is properly managed by the attending physician in the medical service, the RRS team did not usually intervene for patients for whom the RRS was activated because of fever (Fig. 2 ). 25.4, p = 0.522), but the RRS group had a significantly lower SOFA score (7.4 vs. 8.9, p = 0.024). Moreover, the RRS group tended to have lower rates of endotracheal intubation and renal replacement therapy as well as a shorter duration of intubation, although the differences were not significant. In addition, the RRS group tended to have a higher extubation rate and improved survival in ICU, although the differences were not significant. The median length of ICU stay was significantly shorter in RRS group than the conventional group (6.2 vs. 9.9 days, p = 0.018).
1) RRS activations and interventions
2) RRS implementation and cardiopulmonary arrest
The non-ICU cardiopulmonary arrest rate per 1,000 hospital admissions in the medical service did not decrease after implement- 
DISCUSSION
To assess the activity and outcomes of an EMR-based RRS for hospitalized patients in internal services, we analyzed 4,849 alert lists generated from 2,505 patients; the RRS was activated in 58 cases including 26 patients (44.8%) admitted to the ICU.
DNR was initiated by the RRS physician in 12.1% of cases. ICU admission via the RRS resulted in a significantly shorter length of stay in the ICU than that with conventional admission.
A previous study analyzed cases of cardiopulmonary arrest and found that 25% of attending nurses did not call doctors when encountering abnormal vital signs and junior doctors did not report to senior doctors 43% of the time. [11] Easy access and active use of the RRS are important for successful implementation.
Therefore, we adopted an active screening system based on EMRs rather than merely waiting for calls. Our monitoring system detects at-risk patients according to predefined criteria immediately after their data are entered into the EMR system.
However, cases of high emergency, wherein there is no time to input the abnormal vital signs into the EMR system, would be lost, thereby yielding unexpected results. Therefore, ward nurses should be instructed to alert the RRS in high emergency situations.
Our RRS based on EMR screening with predefined criteria demonstrated a shorter length of stay in the ICU compared to conventional ICU admission. Research on strategies for improving quality and reducing costs by changing the way care is provided to critically ill patients have recently focused on assessing patients with a prolonged length of stay in the ICU. [12] [13] [14] Prolonged ICU stay can adversely affect health status by increasing the risks of infection, complications, and even mortality. [15] In addition, ICU length of stay has been used as a surrogate measure of resource utilization in the ICU. [13, [16] [17] [18] Therefore, we expect the RRS to improve the bed turnover rate in the ICU as a long-term outcome.
In the present study, patients with ICU admission via the RRS tended to have better clinical outcomes (i.e., mortality, duration of intubation, rate of intubation, extubation, and renal replace- The present study has some limitations. First, this was a single-center retrospective analysis. As these findings reflect the experience of a single tertiary referral teaching hospital, they may not be generalizable to non-teaching or low-acuity hospitals.
Second, the rate of RRS activation was low, and the study was likely underpowered for some outcomes. Third, as this study analyzed patients in medical services, a selection bias may be present.
In conclusion, the present study demonstrates that RRS can be successfully implemented in medical services. ICU admission via the RRS resulted in a shorter length of ICU stay than that with conventional admission. Nevertheless, further study is required to determine long-term outcomes.
